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Abstract 
While cutting asphalt pavement surfaces, cooling water is continuously given to the cutting machine 
blades to prevent the heat increase and to control the scatter of cutting dusts. As the results, asphalt 
pavement cutting waste water is generated. The amount of waste water generated at one construction 
site is by no means a lot, however, the water quality is not environmentally friendly. In view of above, 
the physical and chemical properties of cutting waste water were first investigated. Then the 
possibility of effective use of the cutting waste water was investigated using flocculants and 
granulation technique. The results show that the waste water quality can be improved by the effects of 
flocculants. Mud sediments after flocculated in the waste water can be granulated and the granules 
may be used as recycled sands or recycle crusher-runs aggregates. 
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1 Introduction 
While cutting asphalt pavement surfaces, cooling water is continuously applied to the machine 
blade to prevent it from burning and to control the dust produced. This generates asphalt cutting waste 
water as shown in Photo 1. Although the volume of cutting waste water produced at one construction 
site is never a lot, it does not satisfy environmental standards for water quality for the construction site 
drainage, and is an issue that cannot be ignored when the impact on environment is taken into account. 
For the purpose of water pollution control, the Ministry of Land, Infrastructure, Transport and 
Tourism in Japan issued a directive in 2012 that on national highways, cutting waste water must be 
collected and processed appropriately. This practice is expected to become more widespread in near 
future. 
On the other hand, interests in recycling construction by-products have been increased in recent 
years, and as the results, recycling rates of asphalt and concrete mass in Japan were 98% or higher in 
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2005. Therefore, the present study first has investigated the physiochemical properties of asphalt 
cutting waste water and also studied the possibility of recycling the waste water thorough the 
flocculation and granulation process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 Physiochemical Properties of Asphalt Cutting Waste Water 
The physiochemical properties of asphalt cutting waste water were studied using test methods 
defined by the Japanese Geotechnical Society (JGS), specifically the soil water content test method 
(JGS, 2009a), soil particle density test method (JGS, 2009b), and soil liquid limit/plastic limit test 
method (JGS, 2009c). A pH and temperature meter was used to measure the pH of the cutting waste 
water. Suspended solids (SS) density of the waste water was also measured.  
Figure 1 shows the soil particle density of four samples (denoted as “Waste water 1-4”). Particle 
density in the cutting waste water ranged from 2.2 to 2.4, and was lower compared to that of kaolinite 
or bentonite. It is believed that this is due to the attachment of asphalt on the particles’ surface. Figure 
2 shows the initial water contents of 13 samples of cutting waste water (denoted as “A-M”).  A large  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 1: Density of soil particles in cutting waste water 
2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3.0
W aste  water 1
Soil particle  density, U s (g/cm 3)㻌
B entonite
Kaolin ite
W aste  w ater 2
W aste  w ater 3
W aste  w ater 4
                
                    
a) Asphalt surface cutting site                                  b) Collected asphalt cutting waste water 
Photo 1: Asphalt surface cutting and collected cutting waste water 
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degree of variation in the water content is found. This is believed to be due to variation in the volume 
of water required for cutting depending on the site conditions including machinery types and operator 
skills. 
Table 1 shows the results of the liquidity/plasticity tests for the two samples (denoted as “D" and 
“E"). There is some variation both in the liquid and the plastic limits. The plasticity index is 4.4 or 10. 
9 and those are extremely low, although the cutting waste water contains many fine particles as seen in 
Figure 6.  
Figure 3 shows the measured pH values. In the figure, the “no flocculation test" and "with 
flocculation test (before adding flocculants)" indicate pH values of the cutting waste water itself. A 
large degree of variation was seen in the pH values but all ranged between 8.2 and 11.3, indicating 
high alkalinity. The values are much higher than the permitted values for water quality for the 
construction site drainage which is represented as a dotted line in the figure. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Initial water content of cutting waste water and water content of the mud 
sediment flocculated in the water  
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Table 1: Physical properties of cutting waste water 
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Figure 3: pH values measured for cutting waste water and for the supernatant fluid after flocculation
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Figure 4 shows the measured SS densities. The SS densities of the cutting waste water itself, 
indicated as the “no flocculation test", are more than 100, 000. The values are much higher than the 
range of construction site drainage standard value which is represented by a dotted line in the figure. 
3 Flocculation of Asphalt Cutting Waste Water 
Flocculants were added to the asphalt cutting waste water and then cylinder tests were carried out. 
The specific test procedure was as follows. 
Firstly, the waste water was agitated strongly and the pH and the water temperature were measured. 
Next, flocculants were added at a rate of 8.3% of the waste water weight, and agitated strongly for 30 
seconds. Ferrous inorganic flocculants were used in this study. The mixture in liquid was then gently 
poured into a cylinder, and it had been left for a specified period of time as shown in Photo 2. After 
time elapsed, the waste water was separated into the supernatant fluid and the mud sediment as show 
in the photo.  
During the waste water settling, the interface between the supernatant fluid and the mud gradually 
moved down with increase of the time as shown in Fig. 5. In the figure, the movement amount of the 
interface is normalized by the initial height of the mixture immediately after stood. The hollow circles 
represent the interface movement amount only for cutting waste water without flocculants, and the 
solid circles reflect the interface movement amount for waste water with flocculants. Variation can be 
seen in the movement rates of the samples of the waste water with flocculants, but it is seen that the 
interface movement is accelerated by adding flocculants. The variation might be related to the 
scattering of the initial conditions such those suspended solid density and pH of the samples. 
 
  
 
 
 
 
 
 
 
 
 
 
 
                 
 
                          
a) Immediately after having stood                          b) Three minutes after having stood 
Photo 2: Waste water settling 
 
Figure 4: Suspended solid density for waste water and supernatant fluid 
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After completion of the cylinder test, the flocculated mud sediment at the bottom of the cylinder 
was retrieved and its water content was examined. Results are shown as "mud" in Fig. 2. The muds’ 
water contents ranged 90 - 180 % were much lower than those of the cutting waste water.  
The supernatant liquid above the mud sediments was collected and then the pH value and SS 
density were measured. Results are shown in Figs. 3 and 4. Figure 3 shows that the pH in the 
supernatant liquid were little lower than those before flocculants were added, but that the pH of two 
samples still exceeds the range of construction site drainage standards. Figure 4 shows that the SS 
densities become drastically reduced in the supernatant liquid, but that it still exceeds the value 
permitted by the construction site drainage standards. 
4 Recycling Through Mud Granulation 
Granulation of the flocculated mud sediments retrieved from the cylinder tests was attempted. The 
procedure was as follows.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Interface movement in cylinder test 
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a) Primary curing after cement added                        b) Granules after stirring 
Photo 3: Granulation
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Firstly, high early strength cement equivalent to 30% of the mud’s wet weight was added to the 
retrieved mud, and mixed for 1 minute in a household mixer. This underwent primary curing in the 
open air or in a sealed environment for a specified period of time, as shown in Photo 3(a). Then it was 
stirred for 1 minute, again using a household mixer, and granulated. Granules were obtained as a result, 
as shown in Photo 3(b).  
Particle size distribution of the granules is presented in Fig. 6. Particle size ranges for recycled 
sand and recycled crusher-run aggregates are also shown. In the figure, the solid circles indicate 
granulation results after 96 hours of primary curing in the open air, the solid triangles after 102 hours 
of primary curing in the open air, and the hollow triangles after 102 hours of primary curing in a 
sealed environment. For equal primary curing times, curing in a sealed environment obtained larger 
diameter granules than that cured in the open air. However, for curing in a sealed environment, 
moisture was produced and nodules formed when the material was stirred again, and the particle size 
analysis was therefore performed after gently loosening the material by hand. 
As shown in Fig. 6, particle sizes of the produced granules partly overlap the ranges for recycled 
sand and crusher-run aggregates, and can potentially be used as recycled subgrade or subsoil materials. 
However, future study is required to create high quality granules. 
5 Conclusions 
Physiochemical properties of asphalt surfaces cutting waste water were first investigated. The 
variation in the initial water content, alkalinity and suspended solid (SS) density were found. Then the 
possibility of effective use of the cutting waste water was investigated using flocculants and 
granulation technique. The results show that it is possible to lower the water content of cutting waste 
water by adding inorganic flocculants. The results also show that the waste water quality can be 
improved. The flocculated mud sediments in the waste water can be granulated and they may be used 
as recycled sands or recycle crusher-runs aggregates. 
 
Figure 6: Particle size distribution for waste water and granules 
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